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Abstract 
 
This paper presents a model for a chain of the motion of the physical phenomenon that an 
elastic ring (shell) falls and collides with a rigid obstacle and rebounds. First, the expression of 
the total elastic energy is corrected in an approximate equation from the physical consideration 
of ‘bending’ and ‘stretching’. And the Lagrangian of the energy preservation equation which 
took the energy related to the compression of the gas present inside the shell into consideration 
is derived and an action integral is defined. Applying Hamilton’s principle, the governing 
equation (the kinetic equation) for the free part of the shell is obtained by calculating the first 
variation of the action integral. Also, calculating the first variation of the action integral under a 
constraint condition with the volume preservation, the governing equation is derived. Taking 
into account the influence of the obstacle, we introduce the expression of the characteristic 
function to those terms whose energy depends on the obstacle to obtained governing equations. 
These obtained governing equations are extremely difficult to solve in the form of a partial 
differential equation. Therefore, the numerical computation technique called the hyperbolic 
discrete Morse flow method is introduced as the computation technique for simulations. By 
results of numerical simulations to two examples, it is confirmed that the theory with constraint 
conditions of the volume preservation can be applied enough to a ball bouncing problem.    
Therefore, taking into account the extension of this problem, we define the total elastic 
energy described using the second derivative of the position vector ( column vector) of the 
elastic shell and the mathematical analysis under a constraint condition with the volume 
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T A=  
であり， 0κ は平衡状態のκである．この形式は，平衡形 )(θq に関した積分となってい
るが，考慮している近似オーダーの範囲内で， θθ dq を θθ dp に変形できることから，
弾性エネルギーは 
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 さらに，力学的運動エネルギー )( pkE ，内部のガスエネルギー )( pgE ，重力ポテン
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と書ける．ここで，殻 pの定常状態の平均質量密度をσ とすると，局所的な密度は
θθσ pq / であり， 2
2 ep ⋅→p ， )1  ,0(2 =e である．特性関数 02 >pχ は集合 
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を計算することにより， 
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として得ることができる．ここで， θθρ qp /= ， spppτ == θθ / ，
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などの関係がある．したがって，障害物を考慮して，殻の変形を表す支配方程式は 
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である． 
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として得ることができる．ここで，λは体積保存条件から導かれる Lagrange multiplier
と考えることができる．したがって，障害物を考慮した支配方程式は 

































合に対して，双曲型離散勾配流法の適用を考える．すなわち，時間区間 )  ,0( T で時刻
tnt ∆= ),......,3,2,1,0( Nn = ， NTt /=∆ とする． 0p を初期データとし， 1p を
tt ∆+= ),0()()(
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となる．すなわち， np はκ上の汎関数 nJ の minimizerとして帰納的に求めることにな
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図 1: 1nJ の場合: )0.05  ,100()  ,( =bs kk     図 2: 
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図 3: 1nJ の場合: )0.5  ,1000()  ,( =bs kk      図 4: 
1
nJ の場合: )1  ,1000()  ,( =bs kk  
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